It is shown that the monovinyl and divinyl protochlorophyllide biosynthetic patterns of etiolated maize (Zea mays L.), and cucumber (Cucumis sativus L.) seedlings and of their isolated etiochloroplasts can be modulated by light and darkness as was shown for green photoperiodically grown plants (E. E. Carey, C. A. Rebeiz 1985 Plant Physiol. 79: 1-6 
During the past 6 years, we have proposed and partially documented a chemical and synthetic heterogeneity in the Chl biosynthetic pathway of higher plants (12) . We have also proposed that one of the functions of multiple Chl biosynthetic routes was to position certain Chl chemical species at certain specific sites in the thylakoid membranes (1, 8, 12) . More Incubation of Etiochloroplasts with ALA. Incubations were carried out in flat bottomed test tubes containing 1 ml of suspended plastids, 1 ml of additional suspension medium, 0.1 ml of 10 mm ALA, and 0.9 ml of H20. When additional cofactors were added, the volume of H20 was reduced accordingly to maintain a total incubation volume of 3.0 ml. The pH was adjusted with dilute HCI to pH 7.77 at 4°C, and the reaction mixture was immediately irradiated with white fluorescent light (200 ft-c) for 30 s prior to incubation. Incubations were carried out for up to 4 h under low light (5 ft-c) or in total darkness at 28°C in a reciprocating water bath operating at 50 oscillations per min. Incubations were stopped by the addition of 15 ml acetone:0. 1 N NH40H (9:1, v/v).
In Vivo Incubations. Kinetin + GA3-pretreated maize and cucumber tissue was exposed to white fluorescent light (200 ftc) for 30 s prior to incubation. Incubations were carried out for up to 4 h under low light (5 ft-c) or in total darkness. They were terminated by homogenization of the tissue in acetone:0. 1 N NH40H at a ratio of 3 g of tissue per 20 ml of solvent. Pigment Analysis. Acetone extracts containing the tetrapyrrole pigments were centrifuged at 39,000g for 10 min, and the supernatant was retained for pigment analysis. In the case of in vivo incubations, the pellet which was left after centrifuging the tissue homogenate was saved for protein analysis. Apolar, fully esterified pigments such as the Chls and the Pchlide esters were separated from the more polar mono-and dicarboxylic tetrapyrroles by extraction of the acetone solution with hexane. The amount of Pchlide in the hexane-extracted acetone residue was determined as described previously (1 1). The amount of MV and DV Pchlide was determined by 77°K spectrofluorometry as described in Carey and Rebeiz (2) and Tripathy and Rebeiz (14) .
Spectrofluorometry.Fluorescence spectra were recorded on a fully corrected, photon counting spectrofluorometer, model SLM 8000 DS, equipped with two red-sensitive extendedS20 photomultipliers (EMI 9658) and interfacedwith a Hewlett-Packard microcomputer system, model 9825S. Pigment solutions were monitored either at room temperature in cylindrical microcells 3 mm in diameter or at 77°K, as described elsewhere (4). The excitation and emission bandwidths were adjusted to 2 nm for the room temperature spectra and were varied from 0.5 to 4 nm for the 77°K spectra, depending on signal intensity. The photon count was integrated for 0.5 s at each 1 nm increment.
Spectrophotometry. Absorption spectra were recorded with an Aminco dual wavelength spectrophotometer model DW-2 operated in the split-beam mode at a slit-width of 2 nm.
Protein Determination. Total protein was determined by biuret after delipidation (9) either on the suspended pellets of the tissue extracts (2) or on aliquots of the plastid suspensions.
RESULTS
Development of a Cell-free System Capable of MV Pchlide Net Synthesis from Exogenous 6-Aminolevulinic Acid. To develop a MV Pchlide-forming cell free system we adopted the following experimental approach: (a) corn or barley seedlings capable of forming mainly MV Pchlide in darkness (2) were used as a source ofplastids; (b) the tissues were pretreated with kinetin + GA3 prior to plastid isolation; such a treatment was shown to increase significantly the Pchlide and Chl biosynthetic capabilities of isolated cucumber plastids (5, 6) , and it was hoped that it would do the same for corn and barley plastids; (c) the plastids were isolated and were incubated with ALA in vitro in a cofactors fortified medium (6, 10) . Since the reactions between ALA and Chl take place in the'plas'tids (10) , it was hoped that the incubated plastids would mimic the tissue from which they were isolated.
The Pchlide synthesized by barley plastids from exogenous ALA is compared to that formed by cucumber etiochloroplasts and to authentic MV and DV Pchlide in Figure 1 . After 2 h of dark-incubations, the barley plastids formed 172 nmol of total Pchlide per 100 mg of plastid protein. The Pchlide consisted mainly of MV Pchlide (70%) and of lesser amounts of DV Pchlide (30%). The MV nature of the barley Pchlide pool is evident from the By (0-0) transition of pentacoordinated MV Pchlide at 437 nm (Fig. lc, d) (1, 8) . The formation of smaller amounts of DV Pchlide is evident from the Bx (0-0) transition of pentacoordinated DV Pchlide at 451 nm (Fig. la, c) . The By (0-0) transition of pentacoordinated DV Pchlide and the Bx (0-0) transition of pentacoordinated MV Pchlide overlap at 443 nm (Fig. la, d) (7) . Similar results were obtained with plastids prepared from etiolated corn seedlings (see below). The cucumber etiochloroplasts formed 80 nmol of Pchlide per 100 mg of plastid protein during the dark-incubation, and the Pchlide consisted mainly of DV Pchlide (98%) and of very small amounts of MV Pchlide (2%) (Fig. lb) .
Modulation of the MV and DV Pchlide Biosynthetic Modes of Etiolated Plants and Etiochloroplasts by Darkness. It was reported earlier that green plants exhibited three main types of responses to darkness (2) . Dicotyledonous plant species such as cucumber, mustard, and purslane formed mainly DV Pchlide during the dark phase of the 10 h dark/14 h light photoperiod. Such plant species will be referred to as 'DV plants. ' Monocotyledonous plant species (corn, barley) and some dicotyledonous plant species such as bean, soybean, and lambsquarters formed mainly MV Pchlide during the dark phase of the photoperiod. Such plants will be referred to as 'MV plants. ' After some time in the light, both MV and DV-type plants formed mainly DV Pchlide. It was deemed desirable to determine (a) whether darkness and light have the same effect on Pchlide biosynthesis in isolated etiochloroplasts as on the whole tissues from which the plastids were derived and (b) whether the effects are the same during the very early stages of greening as in fully green plants (2) . The Pchlide biosynthetic response to darkness of etiolated GA3 + kinetin-pretreated cucumber (DV plant) and maize (MV plant) seedlings and plastids is reported in Tables I and II. In Table I , the kinetin + GA3-pretreated seedlings and plastids were poised in the DV Pchlide biosynthetic state by illuminating the seedlings for 2 h prior to plastid extraction and dark-incubation. The type of response to darkness depended on the plant species. For example, seedlings and plastids of etiolated cucumber cotyledons maintained a DV Pchlide biosynthetic pattern in darkness (Table I , A and B) as was observed for green cucumber seedling (2) . This was evidenced by the maintenance of a DV to MV Pchlide ratio well above unity after 4 h of dark incubation.
On the other hand, seedlings and plastids of etiolated corn leaves 
